OBJECTIVE -The purpose of this study was to develop a questionnaire that measures patients' perceptions of the impact of diabetic peripheral neuropathy and foot ulcers on their quality of life and to assess the psychometric properties of this instrument in a sample of patients with varying severity and symptomatology of diabetic peripheral neuropathy.
D
iabetic peripheral neuropathy affects 30 -50% of patients with diabetes (1). This complex disorder affects different sets of lower-limb nerve fibers and leads to a variety of clinical manifestations including pain and paresthesiae, numbness in the feet, and unsteadiness. Moreover, the gradual increase in neurological deficits, which is central to the natural history of diabetic peripheral neuropathy, is often accompanied paradoxically by improvement or even disappearance of painful symptoms (2) . Lacking warning symptoms or cues to danger, this large population of relatively asymptomatic patients is at high risk of neuropathic foot ulceration. It is estimated that as many as 15% of individuals with diabetic neuropathy will experience a foot ulcer during their lifetime (3) . Furthermore, foot ulcers precede 85% of all nontraumatic lower limb amputations in the U.S., resulting in high morbidity and mortality (4) . Although diabetic peripheral neuropathy results in severe morbidity, few studies have assessed the quality of life of patients with diabetic peripheral neuropathy (5) . The focus of those few reports has been on extreme manifestations of neuropathy such as severe unremitting pain (6, 7) , chronic foot ulceration (8, 9) , and/or amputations (10 -13) , and virtually no reports have addressed the full spectrum of diabetic peripheral neuropathy severity. Second, when functional status has been measured, the instruments used were generic rather than specific, e.g., the Nottingham Health Profile (14) , the Sickness Impact Profile (15) , the Short Form (SF)-36 (16) , and the EUROQoL, EQ-5D (17) . The questions in these instruments ask the individual to evaluate his/her physical, social, and mental functional status in general terms and do not ask about the functional problems specific to diabetic peripheral neuropathy, such as disturbances in balance or symptoms of reduced feeling in the feet, which are factors that may compromise quality of life for patients with diabetic peripheral neuropathy. General measures such as the SF-36 are extremely useful for comparisons of function across diseases, but they do not capture specific problems posed by diabetic peripheral neuropathy and are less useful for framing clinical interventions. Finally, although general levels of functioning in specific life domains are important, they are not direct appraisals of quality of life (18, 19) .
Individuals can report similar levels of dysfunction and differ in their subjective judgments as to the impact of these dysfunctions on their overall quality of life.
In this study, diabetic peripheral neuropathy-related quality of life is conceptualized as individuals' overall, subjective assessment of their quality of life given their specific experience of diabetic peripheral neuropathy and the effects of diabetic peripheral neuropathy on their functioning in several life domains. The development and psychometric properties of a new instrument, the neuropathyspecific quality of life instrument (NeuroQoL), are herein reported and the results are compared with those obtained using a generic measure of health-related functioning, the SF-12 (20) .
RESEARCH DESIGN AND METHODS -
The sequence for the development of the NeuroQoL was as follows: 1) an item development phase that comprised a literature review, discussions with an expert panel, and semistructured interviews with patients; 2) a pilot phase that identified and screened out items that failed to meet minimal criteria for inclusion; and 3) a full psychometric validation phase that was conducted within an ongoing U.K. and U.S. collaborative study into the psychological determinants of preventive foot care behavior and quality of life. Permission to conduct all phases was granted by the Central Manchester Research Ethical Review Committee and, for the last phase, by Institutional Review Boards at Johns Hopkins Hospital and Pennsylvania State University. The main focus of this study is on the third, psychometric validation phase.
Item construction
Patients with established diabetic peripheral neuropathy (defined as vibration perception threshold [VPT] , which is a quantitative measure of a large fiber dysfunction, Ն25 V at the hallux [21] ) and diabetic control subjects with no evidence of neuropathy attending the Manchester Diabetes Center (Manchester, U.K.) were invited to participate in a series of semistructured, in-depth interviews in small (four-to six-person) focus groups. The sample comprised 15 diabetic control subjects and 47 patients with diabetic neuropathy. Patients with diabetic peripheral neuropathy were selected to cover a full range of clinical manifestations and included individuals with reduced feeling in the feet (e.g., numbness in the feet or unsteadiness), asymptomatic patients, individuals with neuropathic pain, and patients with active foot ulcers or a history of ulceration. Interviews were used to elicit domains of life important for patients' quality of life that were affected by neuropathy. Transcripts of the interviews were analyzed by four independent reviewers, and an initial 49-item draft instrument (the NeuroQoL) was generated based on the content analysis of the main themes. In addition, for each item there was a paired item that assessed either the "bother" (for physical symptoms) or the "importance" (for psychosocial function) associated with that item.
Pilot test
The 49-item NeuroQoL, was piloted on two occasions: 7-10 days apart on 38 diabetic control subjects with no evidence of neuropathy and 115 patients with diabetic peripheral neuropathy. The instrument was administered to patients attending diabetes treatment centers in both the U.K. and the U.S. Following initial statistical analyses, six items were excluded as they had low agreement (correlation) between the two time points and/or did not discriminate between the neuropathy and control groups (22) . Wording changes were made to several other items to clarify their meaning.
Validation study
Subjects. In this study, a sample of 418 consecutive patients with diabetic peripheral neuropathy and either type 1 or type 2 diabetes was recruited from three sites: Manchester, U.K.; Baltimore, Maryland; and State College, Pennsylvania. In accordance with the international diagnostic guidelines for neuropathy (23) , two objective tests of neurological dysfunction were used to diagnose neuropathy: the VPT (described in Item Construction section) and the Neuropathy Disability Score (NDS). The NDS, a composite, quantitative measure of both large-and smallfiber dysfunction, was derived from examination of pain sensation using a Neurotip, vibration sensation using a 128-Hz tuning fork, temperature sensation on a dorsal surface of the foot using warm and cool rods, and Achilles reflex using a tendon hammer. The sensory modalities were scored as either present (score of 0) or reduced/absent (score of 1) for each side, and reflexes as normal (score of 0), present with reinforcement (score of 1), or absent (score of 2) per side. The maximum score is 10, whereas a score of 0 represents a totally normal peripheral nervous system examination. Patients were diagnosed as having neuropathy if they had NDS Ն3 and a mean VPT Ն25 V (24) . A history of foot ulcers was obtained by asking each subject: "Have you ever had a foot ulcer (an open sore on your foot)?" Those answering in the affirmative were verified by examination of medical records and careful podiatric assessment. A foot ulcer was defined as a full thickness skin break below the malleoli. Patients were excluded if they had peripheral vascular disease (defined as Ͻ1 palpable foot pulse or previous bypass surgery/angioplasty), a history of major amputation (any lower limb amputation proximal to the midfoot), or other severe chronic medical diseases or complications of diabetes (such as widespread malignant disease or renal failure/ dialysis) precluding participation. Patients were also excluded if they were unable to understand sufficient English, had insufficient (corrected) vision to complete the questionnaires without assistance, or were unable to complete questionnaires for other reasons. Instrument. The instrument consisted of 43 items assessing diabetic peripheral neuropathy-related symptoms and psychosocial functioning in several primary domains: 1) painful symptoms and paresthesia, e.g., burning or throbbing in the feet; 2) symptoms of reduced/lost feeling in the feet, e.g., inability to feel temperature and/or objects with the feet; 3) diffuse sensory motor symptoms, e.g., unsteadiness while standing/walking; 4) limitations in daily activities, e.g., inability to perform paid work or leisure activities; 5) interpersonal problems, e.g., physical/emotional dependence on others; and 6) emotional burden, e.g., being treated differently from other people. Other domains included overall impact of neuropathy, medication side effects, and sleep disturbance. Each patient rated the neuropathic symptoms and psychosocial problems on a five-point Likert scale (all the time, most of the time, some of the time, occasionally, never).
Finally, a single item was used to measure the participant's overall quality of life. The item stated, "Overall, I would rate my quality of life as" with responses using a five-point Likert format (excellent, very good, good, fair, poor). This response format is unlike any other item on the NeuroQoL, thereby reducing shared method variance with the neuropathyspecific items. Procedure. Patients were screened for participation at all three sites by their usual physician or podiatrist. After explanation of the study details and an initial examination for suitability, written consent was obtained. After neurological and vascular examination, patients completed the NeuroQoL (which included items assessing symptoms and functioning specific to diabetic peripheral neuropathy), the single item presenting their overall quality of life, and the SF-12 (24) . The NeuroQoL was always presented before the SF-12.
Statistical analysis
Two measures, the Physical Component Summary (PCS) and the Mental Component Summary (MCS), were derived from the SF-12 using the standard scoring algorithms (25) . These were used in all analyses of the SF-12. Psychometric analysis. To assess convergent and discriminant validity, two principle components factor analyses using equamax rotation were performed, one for physical symptoms and one for psychosocial items. Reliability (inter-item consistency) was measured by Cronbach's ␣. Floor effects (percentage of respondents who had the minimum possible scale score) and ceiling effects (percentage of respondents who had the maximum possible score) were assessed. Pearson correlations assessed the association between NeuroQoL physical and psychosocial measures. Validation analysis. Two sets of multivariate linear ordinary least squares regression analyses were performed to examine the association of the NeuroQoL symptom and psychosocial function scales and the SF-12 scales with the severity of neuropathy as measured by the NDS and the presence or history of foot ulcers (criterion validity). All analyses controlled for several potential confounding factors. It was hypothesized that the criterion validity of the NeuroQoL would exceed that of the SF-12 as seen by its greater associations with neuropathy. Whereas two measures (VPT and NDS) were used to diagnose neuropathy according to recommendations (23), the NDS alone was used for criterion validation as it assesses both large-and smallfiber dysfunction and hence is a more comprehensive measure of neuropathic deficits than VPT, which only measures large-fiber dysfunction. Two sets of multivariate linear ordinary least squares regression analyses determined whether the NeuroQoL explained more variance than the SF-12 in overall quality of life and whether it added to explanatory power when combined with the SF-12 (incremental validity). The first set of analyses compared the NeuroQoL physical symptom measures with the SF-12 PCS, and the second compared NeuroQoL psychosocial functioning measures with the SF-12 MCS. Whether the NeuroQoL was more powerful than the SF-12 in mediating the relationship between quality of life and neuropathy (NDS and ulcers) was assessed by comparing the results from two sets of multivariate linear ordinary least squares regression analyses (construct validity). Mediation is demonstrated when the introduction of a potential mediator reduces the original relationship. This analysis shows which measure better captures the aspects of diabetic peripheral neuropathy that influence quality of life; more mediation (greater reduction in the size of the relationship between diabetic peripheral neuropathy and quality of life) indicates that a measure captures a greater portion of the relationship between diabetic peripheral neuropathy and quality of life. Overall quality of life was measured by the one-item measure from the NeuroQoL. The baseline model shows the relationship of neuropathy to overall quality of life, controlling for a variety of demographic and disease characteristics. It also shows (in parentheses) the ␤-toenter for each of the NeuroQoL and SF-12 measures; this indicates the relationship of overall quality of life with each measure if only that single measure was added to the baseline model (this allows a comparison with the strength of each variable's independent relationship when other measures are added in models 1, 2, and 3). In model 1, SF-12 measures were added to the baseline model. In model 2, all relevant NeuroQoL measures were added to the baseline model. In model 3, both NeuroQoL and SF-12 measures were added to the baseline model. All analyses were performed using SPSS, version 10.0.7.
RESULTS -Demographic and disease characteristics of the subjects are presented in Table 1 . There were significant differences between the U.K. and U.S. participants. Specifically, U.S. patients 
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DIABETES CARE, VOLUME 26, NUMBER 9, SEPTEMBER 2003were older and had higher levels of college/postgraduate education. More of them had type 2 diabetes and concomitant disorders. Concomitant disorders include all self-reported medical conditions other than diabetes and its complications. These conditions were included in the analyses to control for their impact on quality of life. Complications of diabetes include retinopathy (n ϭ 181), nephropathy (n ϭ 66), and cardiovascular disease (n ϭ 200). With respect to neuropathy, U.S. patients had greater deficits on objective testing (NDS, VPT), and a greater proportion had a foot ulcer history. Because of these differences, all bivariate and multivariate analyses controlled for country; multivariate analyses also controlled for all demographic and diabetes factors listed in Table 1 .
Psychometric analyses
Preliminary analysis of the 43 NeuroQoL items indicated that four items relating to medication side effects and sleep disturbance did not relate to the measures of diabetic peripheral neuropathy, and those were eliminated from further analysis. Three items did not cluster with the hypothesized dimensions, and another was judged to be redundant; all four were eliminated from further analysis. Seven items measuring subjects' attributions of the impact of diabetic peripheral neuropathy on quality of life were eliminated from the analysis because they comprised an alternative scheme for measuring impact of diabetic peripheral neuropathy. Finally, preliminary psychometric and validation analysis (paralleling the analyses reported below) indicated that the versions of the scales where items were weighted by the level of "bother" or "importance" had no better reliability or validity than the unweighted versions, so no further analysis was performed on the weighted data. The remaining analyses used the 28 items included in the final instrument.
Factor analysis (1 for the 13 physical symptoms and 1 for the 14 psychosocial functioning items) showed good convergent and discriminant validity, and all of the items in each analysis loaded above 0.60 on the hypothesized factor and less on the other factors ( Table 2) . As hypothesized, the three resulting factors for physical symptoms were: 1) painful symptoms, 2) reduced feeling, and 3) diffuse sensory motor symptoms. The two resulting factors for psychosocial functioning were: 1) disruption of daily activities and 2) interpersonal-emotional burden. Two domains (interpersonal and emotional) formed a single factor.
Reliability of the scales ranged from 0.86 to 0.95. Scale scores were computed by taking the mean of the items loading on each factor. Floor effects were modest (14.4 -28.4% of respondents had the minimum possible scale score), and there was less evidence of ceiling effects (0.5-19.0% of respondents had the maximum possible scale score). NeuroQoL physical and psychosocial scales were moderately correlated with one another (r ϭ 0.39 -0.67).
Validation analyses
Criterion validity. Results (Table 3) indicated that the NeuroQoL physical symptom scales and the SF-12 PCS were significantly associated with the NDS, and the NeuroQoL scale assessing symptoms of reduced feeling showed the strongest associations (␤ ϭ 0.40, P Ͻ 0.001). Both the NeuroQoL physical symptom measure and SF-12 PCS were less strongly associated with ulcers than with the NDS scores, with the NeuroQoL scale of reduced feeling in the feet showing the greatest association with ulcers (␤ ϭ 0.24, P Ͻ 0.001). NeuroQoL scales of interpersonal-emotional burden were significantly associated with both ulcers (␤ ϭ 0.27, P Ͻ 0.001) and the NDS (␤ ϭ 0.29, P Ͻ 0.001). The SF-12 MCS was associated with neither the NDS nor ulcers. Thus, as expected, the NeuroQoL subscales were more strongly associated than the SF-12 measures with both criteria of neuropathic severity. Incremental validity. The NeuroQoL and the SF-12 were similar in their ability to predict overall quality of life (Table 4) . NeuroQoL physical symptom measures accounted for more variance in overall quality of life than the SF-12 PCS in analyses including both NDS and ulcers (r 2 ϭ 0.287 and 0.295 vs. 0.257 and 0.260). In contrast, NeuroQoL psychosocial functioning measures accounted for less variance in overall quality of life than the SF-12 MCS in analyses including both NDS and ulcers (r 2 ϭ 0.350 and 0.350 vs. 0.374 and 0.372). At least one NeuroQoL measure was significant in every model that included SF-12 PCS or MCS, demonstrating that they were independent predictors of overall quality of life.
Construct validity.
The degree of mediation can be observed by comparing the coefficient of the neuropathy measure in the baseline model with that in other models incorporating NeuroQoL and SF-12 measures (Table 4 ). The NeuroQoL physical symptom measures and the SF-12 PCS both mediated the relationship of NDS scores with overall quality of life (both measures reduced the relationship between overall quality of life and neuropathy severity). The SF-12 PCS was superior in mediating the relationship of ulcers with overall quality of life (entering the NeuroQoL measures did not reduce the relationship to nonsignificance). The NeuroQoL psychosocial functioning measures were superior to the SF-12 MCS in mediating the relationship of NDS and ulcers with overall quality of life (MCS did not reduce either of the relationships to nonsignificance, whereas the NeuroQoL measures reduced both to nonsignificance).
CONCLUSIONS -NeuroQoL is a reliable and valid measure that allows insight into the effects of diabetic peripheral neuropathy and its sequelae on an individual's quality of life. The NeuroQoL physical symptom and psychosocial functioning scales proved their validity by demonstrating stronger associations than the SF-12 with the clinical indicators of neuropathic severity, by mediating more fully the relationship of neuropathy to overall quality of life, and by explaining additional variance beyond that accounted for by the SF-12 measures.
The regression analyses produced a number of clinically meaningful results, for example, whereas all NeuroQoL physical symptom scales were significantly associated with the NDS, the associations with ulcers were either weaker or absent (for painful symptoms), and these symptoms did not mediate the relationship between ulcers and overall quality of life. These findings are in keeping with clinical practice where ulcers occur in more advanced neuropathy, often with symptoms of sensory loss but in the absence of pain, and suggest that ulcers have independent effects on quality of life beyond symptoms of sensory loss or pain.
Interestingly, the generic SF-12 MCS was neither associated with the severity of neuropathy nor mediated the effects of NDS or ulcers on overall quality of life. In contrast, a specific measure of interper-sonal-emotional burden from the NeuroQoL was strongly associated with markers of neuropathic severity and was an important mediator of the effects of neuropathy on quality of life. This points to the need for assessing specific rather than generic emotional burden when studying diseaserelated quality of life. On the other hand, the mental functioning scale of the SF-12 accounted for more variance in quality of life than the NeuroQoL psychosocial functioning scale. This indicates the ability of the generic measure to account for variance in quality of life, which is not specific to the condition that is the focus of the study.
The NeuroQoL contrasts with other approaches to quality of life used in studies of diabetic peripheral neuropathy. First, it represents a patient-centered, neuropathy-specific method to quality of life assessment as the content of the domains included in this instrument was derived directly from interviews with patients affected by neuropathy and foot ulcers. In comparison, an examination of the item content of the SF-12 PCS suggests that its predictive power, unlike that of the NeuroQoL, benefits from confounding of psychological and somatic items, e.g., "how much did pain interfere with your normal work (including work both outside the home and housework)?" Second, because the NeuroQoL differentiates among the specific symptomatic expressions of neuropathy, unlike the global approach to symptoms of the SF-12 PCS, it provides both the clinical investigator and the treating clinician with specific points for interventions. Behavioral interventions can be more tuned to the nature of the underlying pathology, and the outcome expectations surrounding pharmacological treatment can be more precise. Most importantly, if evaluations of quality of care are to represent accurately the effectiveness of treatment systems, then they need to incorporate disease-specific measures of quality of life that identify competence in the management of specific diseases (26) . Generic assessments have a role to play in quality assurance, but their failure to detect disease-specific outcomes is an inherent limitation. Therefore, it is important to use disease-specific instruments such as the NeuroQoL when studying or treating populations that share a common disease state. 
